Phenological mismatch in Arctic-breeding shorebirds: Impact of snowmelt and unpredictable weather conditions on food availability and chick growth by Saalfeld, S.T. (Sarah T.) et al.
Ecology and Evolution. 2019;9:6693–6707.	 	 	 | 	6693www.ecolevol.org
 
Received:	18	October	2018  |  Revised:	21	March	2019  |  Accepted:	6	April	2019
DOI: 10.1002/ece3.5248  
O R I G I N A L  R E S E A R C H
Phenological mismatch in Arctic‐breeding shorebirds: Impact 
of snowmelt and unpredictable weather conditions on food 
availability and chick growth
Sarah T. Saalfeld1  |   Daniel C. McEwen2 |   Dylan C. Kesler3 |   Malcolm G. Butler4 |   
Jenny A. Cunningham5 |   Andrew C. Doll6 |   Willow B. English7 |   Danielle E. Gerik8 |   


































The	 ecological	 consequences	 of	 climate	 change	 have	 been	 recognized	 in	 numer-
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1  | INTRODUC TION
The	ecological	consequences	of	climate	change	have	been	recognized	




&	 Yohe,	 2003;	 Thomas	 &	 Lennon,	 1999),	 and	 phenology	 (Crick,	




nology,	 individuals	 can	 time	 life-history	 events	 so	 that	 peak	 food	
demands	 of	 developing	 young	 coincide	with	 peak	 prey	 availability	
(Bronson,	 1985;	 Durant,	 Hjermann,	 Ottersen,	 &	 Stenseth,	 2007;	
Visser,	Holleman,	&	Gienapp,	2006).	However,	organisms	within	dif-
ferent	 trophic	 levels	may	 respond	 to	 changes	 in	 their	 environment	
at	 different	 rates	 (Cohen,	 Lajeunesse,	 &	 Rohr,	 2018;	 Thackeray	 et	
al.,	2016),	potentially	resulting	in	phenological	mismatches	between	
predators	and	their	prey	(Both,	Asch,	Bijlsma,	Burg,	&	Visser,	2009;	
Brook,	 Leafloor,	 Abraham,	 &	 Douglas,	 2015;	 Doiron,	 Gauthier,	 &	














grounds	 (Bolduc	 et	 al.,	 2013;	 Danks,	 1999;	 Tulp	 &	 Schekkerman,	
2008).	In	fact,	several	studies	have	shown	that	both	Subarctic-	and	
Arctic-breeding	 shorebirds	 (Gill	 et	 al.,	 2014;	 Grabowski,	 Doyle,	
Reid,	Mossop,	&	Talarico,	2013;	Liebezeit,	Gurney,	Budde,	Zack,	&	
Ward,	2014;	Saalfeld	&	Lanctot,	2017)	and	their	 invertebrate	prey	
(Braegelman,	 2016;	 Tulp	 &	 Schekkerman,	 2008)	 have	 advanced	

























was	 often	 inadequate	 for	 average	 growth	 (only	 20%–54%	 of	 Dunlin	 and	 Pectoral	
Sandpiper	broods	on	average	had	adequate	food	across	a	4-year	period).	Although	
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et	 al.,	 2003;	Tulp	&	Schekkerman,	2008).	Both	 factors	 are	 influ-
enced	by	weather—insect	emergence	 is	controlled	by	cumulative	
temperatures	 or	 temperature	 thresholds	 (Bolduc	 et	 al.,	 2013;	
Butler,	 1980;	Danks,	 1999;	Høye	&	Forchhammer,	 2008;	 Tulp	&	
Schekkerman,	2008),	while	 invertebrate	 activity	 is	 controlled	by	
daily	 conditions	 (e.g.,	 temperature,	 wind,	 precipitation;	 Bolduc	
et	al.,	2013;	Schekkerman	et	al.,	1998;	Schekkerman	et	al.,	2003;	













To	 address	 this	 shortcoming,	 we	 estimated	 phenological	 mis-
match	over	a	7-year	period	in	relation	to	food	availability	and	chick	
growth	rates	in	a	community	of	Arctic-breeding	shorebirds	experi-
encing	 advancement	 of	 environmental	 conditions	 (i.e.,	 snowmelt;	
Saalfeld	&	Lanctot,	2017).	Specifically,	we	(a)	describe	the	inter-	and	
intra-annual	 variation	 in	 available	 invertebrate	 biomass	 in	 relation	
to	 snowmelt	 and	 seasonal	 weather	 conditions,	 (b)	 estimate	 phe-
nological	mismatch	between	timing	of	peak	 insect	emergence	and	











plots	 into	 144	 quadrats	 (50	 ×	 50	m)	 using	wooden	 stakes	 placed	
every	 50	m	 to	 facilitate	 data	 collection.	 Habitat	 within	 the	 study	
plots	 consisted	 mainly	 of	 tundra	 dominated	 by	 sedges,	 grasses,	
and	moss	interspersed	with	small	ponds.	Thus,	plots	were	a	mosaic	




Timing	of	 snowmelt	 affects	 shorebird	 nest	 initiation	dates	 by	 con-
trolling	when	suitable	habitat	and	food	resources	become	available	
(Grabowski	 et	 al.,	 2013;	 Green	 et	 al.,	 1977;	 Liebezeit	 et	 al.,	 2014;	
Meltofte,	 1985;	 Meltofte,	 Høye,	 Schmidt,	 &	 Forchhammer,	 2007;	
Saalfeld	&	Lanctot,	2017;	Smith,	Gilchrist,	Forbes,	Martin,	&	Allard,	
2010).	Therefore,	we	estimated	the	percentage	of	snow	cover	to	the	









et	 al.,	 2013;	 Smith	 et	 al.,	 2010;	 but	 see	 Liebezeit	 et	 al.,	 2014	 that	
used	5%),	our	annual	date	for	20%	snow	cover	was	highly	correlated	
(r	=	0.91)	with	the	date	of	50%	snow	cover	for	11	years	when	data	

















tebrate	availability	for	 insectivorous	birds	 in	the	Arctic	 (Bolduc	et	
al.,	 2013;	 Schekkerman	 et	 al.,	 1998,	 2003).	 In	 2010–2013,	 traps	
were	placed	near	one	of	the	six	plots,	with	five	traps	spaced	15	m	






invertebrate	 biomass	 was	 correlated	 (r	 =	 0.51–0.93/year)	 and	 of	
similar	magnitude	across	these	widely	spaced	plots,	indicating	that	
our	sampling	near	a	single	plot	in	2010–2013	was	reflective	of	the	
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entire	study	area.	We	typically	sampled	traps	every	3	days	between	









2002;	 Sage,	 1982;	 Sample,	 Cooper,	 Greer,	 &	 Whitmore,	 1993;	
Schoener,	1980;	Wrubleski	&	Rosenberg,	1990).
We	estimated	total	biomass	per	trap	day	by	combining	the	bio-
mass	of	 adult	Diptera,	Coleoptera,	 and	Araneae.	These	 taxa	 com-














person	 rope	 drags,	 and	 opportunistically	 (see	 Saalfeld	 &	 Lanctot,	
2015	for	detailed	methods	and	effort).	We	visited	nests	found	with	
fewer	than	four	eggs	(modal	clutch	size	for	all	species)	until	clutches	

















2013,	 2014,	 2016),	 Pectoral	 Sandpiper	 (C. melanotos,	 2013–2016),	
and	 Red	 Phalarope	 (Phalaropus fulicarius,	 2013–2016)	 chicks.	 We	
captured	chicks	at	hatch,	weighed	 them	 to	 the	nearest	0.1	g	with	
an	electronic	scale,	and	marked	them	with	a	U.S.	Geological	Survey	









we	 opportunistically	 recaptured	 and	weighed	 banded	 chicks	 from	
other	broods	as	encountered.	We	found	that	the	attachment	of	the	







tions	 influenced	 invertebrate	availability,	we	modeled	 invertebrate	








cover	 calculated	 as	 the	mean	estimate	 across	 all	 plots	 for	 a	 given	
year.	 To	 account	 for	weather-related	 daily	 activity	 patterns	 of	 in-
vertebrates,	we	included	daily	estimates	for	temperature	and	wind	




from	our	 study	 plots)	 averaged	 across	 each	 invertebrate	 sampling	
period,	as	well	as	the	percentage	of	days	any	precipitation	fell	 (in-








correlated	 (r	 <	 0.6)	 environmental	 variables.	 In	 this	 and	 all	 subse-
quent	analyses	involving	multiple	models,	we	considered	the	model	
with	 the	 lowest	AICc	 (Akaike's	 Information	Criterion	corrected	 for	
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sample	size)	value	to	be	the	best-fitting	and	models	with	a	ΔAICc	<	2	
to	be	plausible	(Burnham	&	Anderson,	2002).
2.3.2 | Estimates of phenological mismatch and 
relation to snowmelt











2.3.3 | Impact of phenological mismatch on food 
availability
To	determine	the	relationship	between	the	degree	of	phenological	














metabolic	 rate	 is	 thought	 to	peak	 (Ricklefs,	 1973).	This	 is	 also	 the	
time	period	when	chicks	are	brooded	during	inclement	weather,	re-
ducing	 foraging	 time	 (Krijgsveld,	 Reneerkens,	McNett,	 &	 Ricklefs,	
2003).	 After	 determination	 of	 the	 average	 invertebrate	 biomass	
available	to	broods	2–10	days	old,	we	then	linearly	regressed	these	
values	 for	 all	 species	 combined	 (or	 for	 a	given	 species;	 see	Figure	
S2)	against	 the	degree	of	phenological	mismatch	 (PROC	REG,	SAS	
Institute,	Inc.).
2.3.4 | Impact of phenological mismatch on 
chick growth
To	determine	the	relationship	between	the	degree	of	phenological	













Next,	 we	 determined	 the	 relative	 importance	 of	 timing	 of	
hatch,	 weather,	 and	 food	 availability	 in	 explaining	 variation	 in	
chick	 growth	 using	 linear	 mixed-effects	 models	 (PROC	 MIXED,	
SAS	 Institute,	 Inc).	Here,	our	 response	variable	was	a	chick's	 re-
sidual	mass	 (observed—expected	mass	derived	from	the	best-fit-
ting	 growth	model)	 divided	 by	 its	mass	 at	 each	 recapture	 event	
in	 which	 chicks	 were	 >1	 day	 old	 (hereafter	 referred	 to	 as	 chick	
growth	 index).	 Fixed	 effects	 included	 five	 covariates:	 seasonal	
hatch	 date,	 temperature,	 percentage	 of	 days	 with	 precipitation,	
wind	 speed,	 and	 invertebrate	 biomass.	 Seasonal	 hatch	 date	was	
defined	as	the	number	of	days	a	nest	hatched	after	the	annual	date	
of	20%	snow	cover	(i.e.,	mean	estimate	across	all	plots	for	a	given	






deviation	 of	 1.	 Due	 to	 nonlinear	 relationships,	 we	 transformed	
invertebrate	 biomass	 using	 a	 negative	 reciprocal	 transformation	
when	 this	 covariate	was	 included	 in	models	 for	Dunlin	 and	 Red	
Phalarope.	 For	 Pectoral	 Sandpiper,	 however,	 models	 performed	
better	 (i.e.,	 lower	AICc)	when	 invertebrate	biomass	was	 included	
as	a	linear	effect.	We	created	additive	and	interaction	models	by	
combining	nonhighly	 correlated	 (r	 <	0.6)	 variables;	 these	models	
were	restricted	to	≤2	environmental	covariates	to	correspond	with	
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2.3.5 | Timing of hatch in relation to food 
availability
To	determine	how	 timing	of	hatch	 influenced	 food	availability,	we	
investigated	the	 influence	of	seasonal	hatch	date	and	date	of	20%	
snow	 cover	 on	 the	 amount	 of	 invertebrate	 biomass	 available	 for	
chicks	 that	were	2–10	days	old	 using	 general	 linear	mixed-effects	
models	with	plot	 as	 a	 random	effect.	Here,	 our	 response	 variable	
was	the	average	daily	invertebrate	biomass	available	to	each	brood	
that	was	2–10	days	old	 (see	 “Impact	of	 phenological	mismatch	on	









invertebrates	 over	 397	 trap	 days.	 Invertebrate	 biomass	 and	 avail-
ability	varied	substantially	within	and	among	years	(Figure	1).	Total	
invertebrate	 biomass	was	 dominated	 by	 the	 order	Diptera,	 which	
was	often	>10	times	the	biomass	of	the	other	two	orders,	Araneae	
and	Coleoptera,	 combined	 (Figure	S1).	Each	 invertebrate	order,	 as	
well	as	families	within	orders,	had	their	own,	and	often	very	differ-
ent	patterns	of	availability	(Figure	S1).	The	order	Araneae	occurred	

































GDD2	+	temp	+	wind	+	snow 6 3.2 0.16
GDD2	+	temp	+	precip%	+	wind 6 6.9 0.03
GDD2	+	temp	+	precip%	+	snow 6 8.5 0.01
GDD2	+	temp	+	wind 5 10.5 0.00






     |  6699SAALFELD Et AL.
3.2 | Estimates of phenological mismatch and 
relation to snowmelt






number	 of	 days	 between	 peak	 insect	 emergence	 and	 shorebird	
hatch	was	 negatively	 related	 to	 timing	 of	 snowmelt	 (F1,5 = 15.81; 
β	 =	 −0.985),	 so	 that	 shorebirds	 tended	 to	 hatch	 after	 peak	 insect	
emergence	 in	early	 snowmelt	 years,	 but	before	peak	 insect	emer-
gence	 in	 late	 snowmelt	 years	 (Figure	 2).	 Similar	 trends	 were	 also	
noted	within	individual	species	(Figure	S2).
3.3 | Impact of phenological mismatch on food 
availability
We	found	that	the	average	invertebrate	biomass	available	to	broods	
that	 were	 2–10	 days	 old	 was	 highly	 variable	 among	 years	 rang-
ing	 from	6.2	 to	28.8	mg	trap−1	day−1	 (n	=	162–495	nests	per	year,	
Figure	1),	but	was	unrelated	to	the	degree	of	phenological	mismatch	
(p	>	0.05;	Figure	2).	Similar	trends	were	also	noted	within	individual	
species,	with	all	 species	having	 similar	estimates	of	 average	 inver-
tebrate	 biomass	 available	 to	 broods	 when	 averaged	 across	 years	
(13–17	mg	trap−1	day−1;	Figure	S2).
3.4 | Impact of phenological mismatch on 
chick growth
We	obtained	 118	mass	measurements	 from	Dunlin	 chicks	 (70	 re-
captures	 of	 49	 chicks	 from	 23	 broods;	 individuals	 captured	 2–7	
times),	116	mass	measurements	from	Pectoral	Sandpiper	chicks	(71	
recaptures	of	 45	 chicks	 from	23	broods;	 individuals	 captured	2–6	
times),	and	243	mass	measurements	from	Red	Phalarope	chicks	(131	
recaptures	of	115	chicks	from	44	broods;	individuals	captured	2–3	
times)	when	 they	were	between	0	 and	20	days	of	 age.	 The	 logis-




We	 found	 that	 seasonal	 hatch	 date	 and	 food	 availability	were	
the	most	 influential	 factors	on	 chick	 growth	 indices,	 although	 the	
importance	 of	 these	 variables	 differed	 among	 species	 (Table	 3).	
Specifically,	 we	 found	 that	 chick	 growth	 indices	 were	 negatively	
related	 to	 seasonal	 hatch	 date	 in	 Dunlin	 (β	 =	 −0.07	 ±	 0.02)	 and	
Red	Phalarope	 (β	 =	−0.14	±	0.03;	 Figure	4),	 and	positively	 related	
to	 invertebrate	 biomass	 in	 Dunlin	 (β	 =	 0.14	 ±	 0.03)	 and	 Pectoral	
Sandpiper	(β	=	0.18	±	0.02;	Figure	5).	Further,	we	found	that	average	







Parameter Estimate SE 95% CI
Intercept 17.924 1.995 14.015 21.833
GDD −0.620 1.543 −3.645 2.405
GDD2 −4.095 1.185 −6.419 −1.772
Temp 7.506 1.355 4.851 10.161
Wind −2.816 1.097 −4.966 −0.666
Precip% −1.191 1.053 −3.255 0.873
Snow −3.738 1.685 −7.040 −0.436











For	 Dunlin	 and	 Pectoral	 Sandpipers,	 where	 our	 top-ranked	
model	predicting	chick	growth	indices	included	food	availability,	we	
found	that	the	percentage	of	broods	2–10	days	old	that	had	suffi-




















Our	 results	 indicate	 that	 Arctic-breeding	 shorebirds	 have	 expe-
rienced	increased	phenological	mismatch	under	earlier	snowmelt	
conditions,	 with	 shorebirds	 tending	 to	 hatch	 after	 peak	 insect	
emergence	in	early	snowmelt	years,	but	before	peak	insect	emer-
gence	 in	 late	 snowmelt	 years.	 Previous	 studies	 have	 also	 noted	
high,	 but	 variable	 levels	 of	 phenological	mismatch	within	 shore-
bird	 species	 breeding	 throughout	 the	 Arctic	 (Kwon	 et	 al.,	 2019;	




ment	 rates	 are	 likely	 limited	 by	 low	 plasticity	 in	 the	 start	 and	
progression	 of	 migration,	 which	 is	 controlled	 by	 a	 combination	













keeping	 pace	 with	 rising	 temperatures	 that	 are	 causing	 earlier	
snowmelt,	thus	precluding	them	from	exploiting	the	progressively	
earlier	 availability	 of	 their	 invertebrate	 prey	 (Braegelman,	 2016;	
Grabowski	et	al.,	2013;	Saalfeld	&	Lanctot,	2017).
While	 there	 is	 a	 very	 clear	 relationship	 between	 the	 degree	
of	phenological	mismatch	and	the	timing	of	annual	snowmelt,	we	
failed	to	find	any	relationship	between	the	degree	of	phenological	
mismatch	 and	 the	 amount	 of	 food	 available	 to	 chicks	 (Figure	2).	
This	 is	 likely	 the	 result	 of	 unpredictable	 weather	 conditions	 in-
fluencing	the	activity	of	invertebrates	on	the	tundra	surface,	and	
F I G U R E  3  Observed	(points)	and	predicted	(lines)	mass	from	logistic	growth	models	predicting	chick	mass	in	relation	to	age	in	three	
shorebird	species	near	Utqiaġvik,	Alaska,	2013–2016
     |  6701SAALFELD Et AL.
thus,	 the	 ability	 of	 shorebird	 young	 to	 detect	 prey	 (Bolduc	 et	
al.,	 2013;	 Schekkerman	et	 al.,	 1998,	2003;	Tulp	&	Schekkerman,	
2008).	 Even	 if	 shorebird	 chicks	 hatch	 during	 peak	 insect	 emer-
gence,	 there	 is	 no	 guarantee	 they	will	 be	 able	 to	 find	 sufficient	
food	if	 invertebrate	activity	 is	 low.	We	found	that	food	available	
to	2–10	day	old	shorebird	chicks	was	highly	variable	among	years,	











for	 average	 growth;	 these	 percentages	 decreased	 to	 3%–24%	





variability	 in	 fledgling	 and	 first-year	 survival	 rates.	 As	 a	 result,	
Arctic-breeding	shorebirds	may	be	particularly	vulnerable	to	any	
additional	 changes	 or	 stressors	 present	 away	 from	 the	 breeding	
grounds	that	decrease	the	ability	of	shorebirds	to	time	their	brood	
hatch	with	sufficient	prey	availability.	It	should	be	noted,	however,	
that	 the	 average	 growth	 rates	 observed	 in	 this	 study	 were	 de-
pendent	upon	the	annual	conditions	experienced	by	the	sampled	
chicks	 during	 our	 4-year	 study,	 and	may	 be	 below	 growth	 rates	
that	would	have	been	obtained	if	environmental	conditions	were	












Numerous	 researchers	 have	 postulated	 that	 shorebirds	
would	benefit	 the	most	by	hatching	 their	young	as	early	as	pos-






et	 al.,	 2017).	Our	 results	 reaffirm	 these	 benefits,	 as	 early	 hatch	





reserves	 prior	 to	 southbound	migration,	 potentially	 allowing	 for	
earlier	migrations	 (Meltofte	 et	 al.,	 2007;	Taylor,	 Lanctot,	 Powell,	
Kendall,	&	Nigro,	2011;	Tulp	&	Schekkerman,	2008).
The	 ability	 of	 shorebirds	 to	 nest	 early,	 however,	 is	 likely	 to	
depend	 on	 other	 selective	 pressures,	 such	 as	 seasonal	 variabil-
ity	 in	predation	 rates	 (Johansson,	Kristensen,	Nilsson,	&	 Jonzén,	
2015).	 For	 example,	 Reneerkens	 et	 al.	 (2016)	 suggested	 that	
greater	 predation	 on	 early-hatching	 nests	 in	 Sanderling	 (Calidris 
alba)	inhibited	advancement	of	this	species’	nesting	phenology.	In	













Invert	biomass 2 4.8 0.06
Invert	biomass	+	precip% 3 5.6 0.04
Temp*seasonal	hatch	date 4 6.5 0.03
Intercept 1 13.4 0.00
Pectoral Sandpiper
Invert	biomass 2 0.0 0.77
Seasonal	hatch	date 2 3.9 0.11
Temp	+	invert	biomass 3 5.6 0.05
Temp*invert	biomass 4 6.5 0.03
Wind*seasonal	hatch	date 4 7.4 0.02
Intercept 1 28.6 0.00
Red Phalarope
Seasonal	hatch	date 2 0.0 0.73
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contrast,	Senner	et	al.	(2017)	suggested	that	greater	predation	on	
late-hatching	nests	 in	Hudsonian	Godwit	 (Limosa haemastica)	 se-
lected	for	earlier	nesting.	Weiser	et	al.	(2017)	also	documented	a	
seasonal	decline	 in	daily	nest	survival	 in	8	of	22	Arctic-breeding	
shorebirds	at	16	 sites	 spread	across	Russia,	Alaska,	 and	Canada.	
Similarly,	 a	 limited	number	of	 studies	 on	brood	 survival	 indicate	
survival	 rates	 are	 often	 lower	 later	 in	 the	 nesting	 season	 (Hill,	
2012;	Ruthrauff	&	McCaffery,	2005).	Thus,	notwithstanding	 the	





Previous	 studies	 have	 suggested	 that	 warmer	 summer	 tem-
peratures	 associated	 with	 climate	 change	may	 provide	 physiolog-
ical	 relief	 to	 shorebird	 chicks	 even	 though	 prey	 availability	 may	
decline	 (McKinnon	et	 al.,	 2013).	This	 is	because	warmer	 tempera-









than	 is	 invertebrate	 availability.	Any	positive	 effects	warmer	 tem-
peratures	may	 provide	 could	 be	 negated	 by	 increased	 phenologi-
cal	mismatch	 between	 timing	 of	 shorebird	 hatch	 and	 invertebrate	
availability.
Additional	 studies	are	needed	 to	better	understand	how	chick	
survival	 rates	 relate	 to	 food	availability	and	seasonal	weather	pat-
terns.	While	we	have	assumed	that	poor	chick	growth	indices	lead	
to	 lower	 survival,	 it	 is	 unknown	 whether	 undernourished	 chicks	
can	 compensate	 for	 reduced	 food	 levels	 by	 growing	more	 slowly	







access	more	 food.	Furthermore,	 little	 information	 is	available	con-
cerning	sex-specific	growth	(especially	in	sexually	dimorphic	species)	
and	how	it	relates	to	their	susceptibility	to	changing	environmental	
conditions.	 For	 example,	 Loonstra	 et	 al.	 (2018)	 documented	 that	
female	Black-tailed	Godwits	(Limosa limosa)	grew	faster	than	males	
during	 the	prefledging	period,	 suggesting	a	greater	need	 for	 food,	
and	thus,	a	greater	vulnerability	of	 females	to	poor	environmental	
conditions.
Better	 data	 on	 shorebird	 diets	 will	 also	 improve	 our	 under-
standing	 of	 the	 potential	 implications	 of	 phenological	mismatch	
on	 shorebird	 populations.	 While	 it	 is	 generally	 assumed	 that	
shorebird	 chicks	 consume	 all	 surface-dwelling	 invertebrates,	
particular	prey	taxa	and	sizes	are	likely	preferred,	and	some	prey	
are	potentially	more	nutritionally	valuable	 (Twining	et	al.,	2016).	
Additionally,	 prey	 consumed	 by	 various	 shorebird	 species	 may	
differ	because	of	differences	 in	how	and	where	different	shore-
bird	 species	 forage	 (e.g.,	 preferred	 brood-rearing	 habitat).	 In	
this	 study,	we	 restricted	 the	 invertebrates	 used	 in	 our	 analyses	




gut-content	 analyses	 were	 conducted.	 Although	 these	 stomach	





Modela Kb ΔAICcc wid
Seasonal	hatch	date2*snow2 9 0.0 1.00
Seasonal	hatch	date2*snow 6 52.9 0.00
Seasonal	hatch	date*snow 4 200.6 0.00
Seasonal	hatch	date*snow2 6 202.2 0.00
Seasonal	hatch	date2	+	snow2 5 375.1 0.00


















sampled	 by	 our	more	 terrestrial	 invertebrate	 traps.	 In	 addition,	
dietary	 analyses	 based	 on	 gut	 contents	 can	 have	 several	 draw-
backs,	 including	 unequal	 digestion	 and	 retention	 of	 prey	 (Tollit,	
Wong,	Winship,	Rosen,	&	Trites,	2003),	errors	in	identification	of	
prey	(Clare,	Fraser,	Braid,	Fenton,	&	Herbert,	2009),	and	over-sim-
plification	 of	 prey	 composition	 due	 to	 difficult	 visual	 identifica-
tion	 of	 closely	 related	 taxa.	While	 new	 genetic	 techniques	may	





2011;	 Valentini,	 Pompanon,	 &	 Taberlet,	 2009).	 As	 different	 in-
sect	taxa	have	different	emergence	patterns	(Butler,	1980,	Høye	
&	 Forchhammer,	 2008,	 Braegelman,	 2016;	 and	 see	 Figure	 S1),	
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